BACKGROUND OF THE INVENTION 

1. Field of the Invention 

2. Description of the Related Art 

M&momm.m*£-&&< <o&<srtim£inx^z 0 r^tti^^t lt^i 
itt isxjzmztiz&ikitxm^tiz* k^?>&—mzmw<v5m%Lm&±if- 

Z> t < tH V . ^*D D pT?tt?l?15Sm500~1600MPa, ftffcJt70~80%# 

&ft(ommxi&£tiz 0 ±m<o£ o ^m-±o. 2%mtnz£zpm#te£*ix^ 



SUMMARY OF THE INVENTION 

(£ATTStfl5-f) riSl700MPa£LhT?$> *> N 0.1% W^J (OTY S £|5f) 
£3i3g3£gTS (YS/TS) T-fc5F^J£ OTYRtBt) #72%# 

TT*fe5^t^f lf^2(D^T*i*T S 7iU800MPaJ£*_h 

. YR*S70%^Ti?*>Us m^m3<D^mvm S£U900MPa£U:, YR^68% 
J^TT-&!9. Wf*gf4OfSWt?ttTS^2000MPa^±, YRiS66%^T*C&S 0 
JlS^^^^I^^O^fi^^^no^-lO^mm-^fSfflf^^feSii:^ 5 

<&ffiTUfcto#O«H0rffifctt. Si, Mn&^f^31Hlsto#MfUTV^ d SrJS. 

£4>MKl#j£<0Hfo -T^fc)*), (Mn/ 8) -0.07- (Ma/ 8) +0.07^Vrf 
5 t tin, &&SBiE#tefc#5©ttffiTfc&Jt £ t SrflSSBU^, 
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£1-3SiS£ (Mn/8) -0.07- (Mn/8) +0.07<O$m\Z.m&V1tZ k&#m 

*&w<oi*wtmm&mif&. mwzmt-z. c = 0.19-0.35%, si : 0.1-0 

.3%, Mn : 1.0—1.6%, P :0.025%£tT, S : 0. 02%JUT, Al : 0. 010-0. 050 
%, B : 2-35p P m x Ti : 0.005-0. 05%£ i &^&# k Ltt^t S t> <DXh%>^ 
t AWt U < , $ P> fc^SJfcT\ Nb : 0. 005-0. 050%, V : 0. 005—0. 070%, Cu 
: 0. 005-0. 5%, Cr : 0. 005-0. 5%, Mo : 0. 1—0. 5%, Ni : 0. 1-0. 5%, Ca : 0. 
01%£AT, 3?>±m7cm (REM) : OA%&T<D?/l'—ZffrbmiR£tltc.&m<£>m$l 

^fc*%0^^1f«^'Ml ; <Dl^5t^«, «ftcSE»tbT?s C: 0.19-0. 35 
%, Si: 0.1—0.3%, Mn: 0.5—1.6%, P :0.025%^T, S :0.02%J£*T, Al 
: 0.010-0.050%, B : 2 -35ppm, Ti : 0. 005—0. 05% k l/T^lf V 

, Nb : 0. 005—0. 050%, V : 0. 005—0. 070%, Cu : 0. 005—0. 5%, Cr : 0. 005-0 
.5%, Mo : 0.1-0.5%, Ni : 0.1-0.5%, Ca : 0- 01%£CT, 4fr±«7cK! (REM) 

muu, 7k~&mA-rz>^k&i&mk-rzt>(OT*h%* ^tvk^a^ 

^4p5gS^10O°C/sec^± k U ^mAO^m^U^C^T kT^> £ 

tex&texJBM&^fl'T^'i hit-rzz.ktzx^xnbtiz* mmzwwv-* 

^?|?<D#j*t?{i, BiJ!aUfc£5^^1500-1600MPa, ftffcjfc #70-80% # IS 
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*P^tt«riET$*5ISHfc^xbtL5^ #3g^T*teSig£ (Mn/8) -0.07 

- Ofa/ 8) +o.o7(D$aia{c»t-5r tfciot, ±ft<D&{kto}&mimmu 

i^tffltSrt^t, ^iBl-^H»JOx-^(-^i- J: 5 f-. 1700MPa£lJh 



BRIEF DESCRIPTION OF THE DRAWINGS 

0 2H ^5SttYRi:«^t/77T^5 0 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

3ft#llK:|EtfLfc:£5£> fl*fcRfiJ*t?, C : 0.19-0.35%. Si : 0.1-0.3% 
s Mn: 0.5-1. 6%. P :0.025%£tT, S : 0.02%^T\ Al : 0. 010-0. 050% s 
B ; 2-35ppm, Ti : 0. 005-0. 05% t Ut^U, Nb : 0.005—0.050 

% N V : 0. 005—0. 070%, Cu : 0. 005-0. 5%, Cr : 0. 005-0. 5%, Mo : 0. 1-0. 5 
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%* Ni: 0.1-0. 5%. Ca:0.01%£TFx #±«5uf* (REM) :0.1%W^- 

170010>a^±©TS«:#5feJ6^W:^< tt>0.19%^K^s>5 o LA>U C 
*sia«te*$ i^x^-r h#&$Mfe< ^ tJ^A^K5tcfiftiS5i-5M#Jix=£rS 
<cOT? v 0.35%J^Ti:1-5 o ftfcfffjfc^ 1 <Z>T S ^1700MPaJ^_ht:YR^72%i^ 
TT*3bZm*&$:ftZ1tli>\zt±C*:0.2l%m&bU Ht 2 <£> T S ^lSOOMPaJ^ 
-t. YR#70%^TT-&5^£#5fcfcteteC£0.24%m££: U ft^30 
T S #1900MPaJ^_h v Y R ^68%^TT-&$^%#57t#>}C« C £0. 28%Mm 
ft*^4^TS^2000MPaW_L, YR#66%&TT?*>5$Mf%#S&*fc: 
tt C £0. 30%fe£ ttSitW Lv\ 

m&fem-tzf&ftx-hy, si : 0.1-0.3%, Mn : 0.5—1.6%. n ■. 0.005-0.05 

%4>##ftlfiJ©l6H* 9 k^v^^A^tt^TUT^®;*--;^^ 

ZNkft&l^xmkteZk*<D®5k&£:t>1riZ>tc#>, 2t>pm&±ft% 0 U^U3 
5ppm x. 3 k U%tftJ±m kteZ> 0 PfcS ftfff^ft^ t Jfc D Tfls 1 ? Vf-^f hj|g. 
«6Sr|fe<-t-5ytfe, P :0.025%#T. S : 0. 02%£CT£-t-$^^fcS o Alte 
flfiBW!ft?*> y> 0. 010%^T*ttJ^SS^m^^+^ £ * *> > 0. 050% &mx.Z> k Zz<r> 

Nb k V J*^x vf-^r ha«*teWm«r4r± CT*E&£>iiil -5 r k K 0; 
9, 3$£g£fti£^5^ffi^«#T-&5 0 Cu. Cr, Mo, Nite^/lo^lM 
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Nb: 0.005-0.050%, V : 0. 005-0. 07%, Cu : 0. 005-0. 5%, Cr : 0. 005- 
0. 5%. Mo : 0. 1-0. 5%, Ni : 0. 1-0. 5%*m%~?*>Zo 

cak$i±m7tm (rem) tefr&®cowMm®K^rz&ftT'h*>*K um<o 
mmn^^^ hm*0mm^*#z*m*m*r** ca:o.oi% 

BIT. IM:0.1%«T#*ST?*><5. fcfctH&ONb, V. Co, Cr, Mo, Ni, Ca 
s ft±m7tm (REM) tt^^T?f4*< s «fc*tT«ftI**L5W2fiJ5»T? 
*>5. 3b±m7tm (REM) atflixlt'Y, La, Ce, Sm&m^2Z b&t?ZZ 

^Mffl^!7-~^^^/H^xiLT900 o C«±«^fl^L, hftfc 

^10 8 -10 9 mn.- 2 T^5c7>{cit^T, «»TKft«2: fcoTV^. 

«£l00°C/sec£Ui tn^i *s#£ Ll\ El 2 «?^aUC i: YRt <^>Si^^ 
* t ^ 7T * 5 ' 100°C/sec^_h tt^ttaoTYR OftttfcttT* ft h 
tiZ e rixttja»ii:j:orTft«fc«tts*iS*4U taw****;****:* 
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tt«rd£ifif -5fc*»C, Si : 0.10-0.30%, Mn ; 0. 5—1. 6%<&^6<J{C-g-^r 
(Mn/8) -0.07^Si^ (Mn/8) +0. 07<DH£ t &ffi&-tZ> X ? ^JfP-TS r t \Z 

#*5. ^@^->-r/^t o -^ilX^^/^^-«-40 o CT^Si==Mn/8 W<0->t^ 
!RlRrc^;u^— ^1 ibfcl^F^Si= (Mn/8) +.o ( a = -0. 30-+0. 30) 
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Example 1 

i^ty-^n^ Mz.mt zb^xv mmwrn 5 *.mm-r zfcftmAmw 



mi 





mmm 
1 


2 


mm 

3 


4 


5 


mmm 

6 


7 


8 


C(%) 


0. 21 


0.24 


0, 28 


0.28 


0.30 


0. 30 


0.35 


0.30 


Si(%) 


0. 22 


0. 23 


0. 21 


0. 21 


0.20 


0. 20 


0. 21 


0. 20 


Mn(%) 


1. 41 


1.43 


1. 41 


1.41 


1.44 


1. 44 


1.40 


1.00 


P(%) 


0. 021 


0. 021 


0. 018 


0. 018 


0. 016 


0. 016 


0. 020 


0. 018 


. S(%) 


0. 005 


0.003 


0.003 


0.003 


0. 003 


0. 003 


0.004 


0. 003 


Al(%) 


0. 025 


0. 030 


0-025 


0.025 


0. 026 


0. 026 


0. 023 


0. 025 


B (ppm) 


13 


11 


10 


10 


10 


10 


11 


10 


Ti(%) 


0.028 


0. 030 


0. 027 


0. 027 


0. 027 


0. 027 


0. 026 


0. 025 


Nb(%) 




0. 032 


0. 032 


0.032 








0. 030 


V(%) 


0. 033 


0.030 


0. 035 


0. 035 










Ni(%) 














0.3 • 




Cr(%) 










0. 15 


0. 15 


0.15 




Cu(%) 


0. 10 
















REM(%) 








0. 004 










Ca(%) 












0. 0027 


0. 0028 





9 



^2 





i 


2 


3 


mnm 

4 


5 


6 


7 


8 


CO 


900 


900 


900 


900 


900 


900 


900 


900 


rem 


150 


200 


200 


170 


200 


200 


200 


200 


CO 


30 


30 


30 


30 


30 


30 


30 


30 


(mm 2 ) 


10 12 


10 13 


10 13 


10 13 


10 13 


10 14 


10 14 


10 14 


o. vmts 

(MPa) 


1187 


1209 


1255 


1247 


1312 


1303 


1340 


1290 


(MPa) 


1722 


1861 


1930 


1908 


2050 


2083 


2125 


2030 


(%) 


69 


65 


65 


65 


64 


63 


63 


64 



Example 2 

9 -i3 1 m&m i - 3 te%m<Dnmmw. nmmu, is t it *m 4 ^je^^t® 
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#19 


#110 


mm 
mn 


mm 

#112 


mm 

#113 


mm 

#J14 


mm 

#J15 


#ji 


vast 

#J2 


#J3 


Jt& 

#14 


c 


0-24 


0. 28 


0. 28 


0. 30 


0. 33 


0. 28 


0. 30 


0. 30 


0. 30 


0. 30 


0. 30 


Si 


0. 15 


0. 24 


0.13 


0. 20 


0. 20 


0. 14 


0. 15 


0. 10 


0. 30 


0. 30 


0. 35 


Mn 


1.41 


1.43 


1. 25 


1.43 


1.44 


1. 30 


1.35 


1.50 


1.00 


1.00 


1.00 


P 


0. 02 


0. 02 


0. 02 


0. 02 


0.02 


0. 02 


0. 02 


0.02 


0.02 


0. 02 


0.02 


S 


0. 005 


0. 005 


0. 005 


0. 005 


0. 005 


0. 005 


0. 003 


0. 005 


0. 005 


0. 005 


0. 005 


Al 


0. 028 


0. 023 


0. 026 


0. 022 


0. 029 


0. 025 


0. 025 


0. 024 


0.022 


0. 022 


0.026 


B 


13 


12 


10 


14 


11 


12 


14 


10 


13 


13 


13 


Ti 


0. 025 


0.026 


0. 024 


0. 024 


0. 025 


0. 024 


0.025 


0. 026 


0. 026 


0. 026 


0.027 


Nb 




0. 03 












0. 03 








V 


0. 03 










0. 03 












Ni 






0.03 


















Cr 








0. 15 


0.13 




0. 15 










Cu 
























REM 
























Ca 










0. 03 














<x 


-0. 03 


+0.06 


-0. 03 


+0. 02 


+0. 02 


-0. 02 


-0.02 


-0. 09 


+0.18 


+0. 18 


+0. 23 




7 


6 


7 


7 


7 


7 


7 


7 


7 


5 


7 




1861 


1908 


1911 


1995 


2125 


1925 


2015 


2005 


1992 


1907 


1985 




1.2 


1.3 


1.8 


1.4 


1.3 


1.2 


1.3 


0.5 


0.4 


0.4 


0.4 




O 


o 


o 


O 


O 


O 


O 


O 


o 


X 


X 



m^m%), 4&uffimmfm<DOte-6o°co&fc&<*Tx*ffimm?&& &??^ tern 



ii 
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Claim; 



1. 5l5Saa5CTS^i70QMPa^Jb'C*)9, 0. l%ltf} Y S b ?l5g^T S t <Dit 
(YS/TS) T^$YR^72%^TT'fe5^i^#^^1-a^lt«^tt^l t < ) 

2. Zm&feT S^l800MPa^_LT-&9. 0. 1%W;5 YSi 5i?l!i^T S i: 
(YS/TS) T-&5YR ^70%i^TT-£> S £ £ t ~TZ> iS»gfrS&£P8^o 

3. 5l5S^T$^1900MPaJ^±T'fe^. 0. 1%S»^j Y S i 3I5I^T S £ Oit 
(YS/TS) -C&5YR ^68%&(TT* fe5rt^fit5 ^ W^tefBf , 

4. 3i5R5BsTS^2000MPai^±T-&9, 0. l%ffif^j Y S h 3l3fi^T S i: <£>Jt 
(YS/T S) -C$>5YR75S66%^TX^^r i^#mti-aOT^M^ 0 

5. 5l5S?HSTS^i700MPaWJiT-fc^. ^^^-r^SifiSr (Mn/ 
8) ~0.07£Lh. (Mn/8) +0. 07OT (^fi%) «l«Lfertlr^ 

6 . fetfr&^lO 1 0 -10 1 4 mm- 2 5 £L <b £r#ifc £ "f-Sffrft^ 1 ~ 4 £>{5j*v^ 

7. ^S%T% C : 0. 19— 0. 35%. Si : 0. 10— 0. 30%. Mn : 0. 5—1. 6 
0%. P :0.025%OT. S :0.01%^T, Al : 0. 010— 0. 050%. B : 2— 35p P m 

. Ti : 0:005-0. 05% ^^^t VX<§;mi-ZZk%¥?mti-Z>m#:&l~5 

8. m*\Z, fCSJtT'. J£iZ. s Nb : 0.005-0.050%. V : 0. 005— 0. 070%. Cu 
: 0.005-0. 5%. Mo; 0.1— 0.5%. Ni: 0.1—0.5%. Ca:0.01%WT. #±^tc 

m (rem) :0A%aT<vy^-yfrhmft£frfcim*tci?.2m^±<vf$ft£i% 

9. ^^AtKctSsro^^ryt-r Hlltt, d>o. 10^— ^f 1 -?- 

h «zit#-^ 6 #^_h £r#m ft 1 - 5 ^fsjn^feg^its 

10. ircB^^^^ VN{^Mtrfe5 ^. <b 1 - 5 Ofati 

11. 3J*fcl, C : 0.19-0.35%. Si : 0.10-0.30%. Mn : 0. 5-1. 6 
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0%. P :0.025%£TF. S :0.01%J^T. Al : 0. 010-0. 050%, B : 2 -35ppm 
s Ti : 0.005-0. 05% UTtft, XfcNb : 0.005-0.050%. V : 0 

. 005-0. 070% N Cu : 0. 005-0. 5%. Mo : 0. 1-0. 5%, Ni : 0. 1-0. 5%. Ca : 0. 0 
1%#T. ^±^tc^ (REM) :0.1%&T(Dys\s~7>>frt>miRZtltzin**L\* 
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m m m 



3IS&gTSasi700MPa£U:T:*>!K 0. Y S t §I5S3S^T S t 

it (YS/TS) t f *>5»{^JtYR^72%^TT?*>5]SiWie*tt#l*T*a>5 tt * 
ISMTr«fflf JC«E-t"5SiJt* (Mn/8) -0.07- (Mn/8) + 0. 07CD$S@fcfflJ 

0.19-0.35%, Si : 0.10—0. 30%. Mn : 0.5-1.60%. P : 0.025%£ATs S : 0. 
01%UT. Al : 0.010— 0.050%, B : 2 -35pp m> Ti : 0. 005— 0. Q5%3r&3Uft& 

t ^x^-tzi>oT~h% 0 *igpjti5i!f^ mmmistco ioo°c/ s 



15 



